Aims. We present near-infrared spectroscopy of the forbidden emission line (FEL) and molecular hydrogen emission line (MHEL) regions at the bases of Herbig-Haro (HH) jets from seven embedded protostars: SVS 13 (the HH 7-11 progenitor), HH 26-IRS, HH 34-IRS, HH 72-IRS, HH 83-IRS, HH 300-IRS (IRAS 04239+2436) and HH 999-IRS (IRAS 06047-1117) Methods. The integral field spectrograph, SINFONI, on the European Southern Observatory's Very Large Telescope (VLT) was used to characterise jet parameters in these formative regions, where the jets are collimated and accelerated. Results. We find considerable differences in the spectra of HH 83-IRS when compared to the other six sources; CO bandhead and atomic permitted lines from Ca i, Na i, Mg i and Al i are observed in emission in all but HH 83-IRS, where they are detected in absorption. It is likely that this source is more evolved than the others (or at the very least considerably less active). Strong CO bandhead emission is also detected in emission in the other six sources, while extended H 2 ro-vibrational and [Fe ii] forbidden emission lines trace the outflows (only the HH jet from HH 83-IRS is undetected). CO bandhead and Brγ emission peaks are in most cases coincident with the jet source continuum position, consistent with excitation in an accretion disk or accretion flow. However, in the closest source, HH 300-IRS, we do find evidence for excitation in the outflow: here the emission peak is offset by 3.6(±0.7) AU along the flow axis. We also note a correlation between CO and Mg i, Na i and Ca i intensities, which supports the idea that these atomic permitted lines are associated with accretion disks. From H 2 and [Fe ii] images we measure jet widths and derive upper limits to flow component opening angles. Although we do not find that the ionised [Fe ii] component is consistently narrower than the H 2 flow component, we do find that narrower H 2 and/or [Fe ii] flow components are associated with higher radial velocities (as reported in the literature). Flow opening angles, over the first few hundred AU in each source, are measured to be in the range 21
Introduction
When a star forms, centrifugal and magnetic forces act together to launch Herbig-Haro (HH)-type jets along magnetic field lines from a region very close to the accreting source. The jets extract mass and angular momentum from the underlying disk, thereby facilitating disk accretion; some fraction of the jet may also be Data obtained at the VLT under project 078.C-0390(B) Appendices are only available in electronic form at http://www.aanda.org ejected from the star itself, thereby removing angular momentum from the central object and producing the slow spin speeds observed in classical T Tauri stars (Matt & Pudritz 2008a, b) .
To better understand this accretion/ejection dynamic, and ultimately to constrain and distinguish between models of diskwinds, where the jet is launched from a large spread of disk radii (R ∼ 0.1-10 AU, Pudritz & Norman 1986; Garcia et al. 2001; Safier 1993; Ferreira 1997 ) and X-winds, where the ejection occurs from a single annulus at the inner edge of the disk (R < 0.1 AU, Shu et al. 1991; Shang et al. 2002) , spectroscopic techniques have been employed to probe the kinematics and A&A 528, A3 (2011) 
Notes.
(a) MHO catalogue reference (Davis et al. 2010) , and the distance to the target adopted in this paper. (b) Total integration time spent on source.
(c) Position Angle of the IFS, measured East of North. (d) Mean airmass during the observations on the source. (e) Standard star used to calibrate the source data, and the seeing measured from the standard at 2.12 μm.
References. 1. Bally et al. (1996) ; 2. Noriega-Crespo et al. (2002) ; 3. Reipurth et al. (2000) ; 4. Reipurth et al. (2002) ; 5. Davis et al. (1997) ; 6. Yun et al. (2001). excitation at the bases of jets, from Class II T Tauri stars (Hirth et al. 1997; Takami et al. 2001 Takami et al. , 2004 Pyo et al. 2003 Pyo et al. , 2006 Woitas et al. 2002; Whelan et al. 2004; Beck et al. 2008; Agra-Amboage et al. 2009 ) but also recently from their more embedded Class I counterparts, the protostars (Davis et al. 2001 (Davis et al. , 2003 (Davis et al. , 2006 Pyo et al. 2005 Pyo et al. , 2009 Takami et al. 2006; Podio et al. 2006; Antoniucci et al. 2008; Garcia Lopez et al. 2008) .
[Fe ii] forbidden and H 2 ro-vibrational emission lines are found to be bright at the base of each jet, although the two species clearly trace very different flow components. The [Fe ii] derives from a forbidden emission-line (FEL) region associated with hot, dense, partially-ionised, high-velocity gas (T ∼ 10 000 K; electron densities ∼10 5 cm −3 ; radial velocities approaching 100-200 km s −1 ), while the H 2 traces the molecular hydrogen emission-line (MHEL) region associated with low-excitation, shocked (or possibly fluoresced) molecular gas at much lower velocities (T ∼ 2 000 K; densities ≥10 3 cm −3 ; v rad ∼10-50 km s −1 ).
In both X-wind and disk-wind models the wind initially expands, is magnetically accelerated and heated to ∼10 4 K within a few AU of the source via ambipolar diffusion and/or by X-rays from the central star (X-winds: Shang et al. 2002; disk-winds: Safier 1993; Garcia et al. 2001) . Re-collimation occurs at a point where the dynamical pressure balances the magnetic pressure, i.e. close to the Alfvén radius, which is probably within a few astronomical units (AU) of the source (note that the Alfvén radius is a few times the launching radius, which has to be deep enough within the gravitational potential to produce the observed high jet speeds). At this point a radiative "collimation shock" may form (Ouyed & Pudritz 1994) . Further downwind, where internal shocks heat and ionise the gas, line emission dominates the cooling and HH and/or H 2 jets are often observed.
X-wind and disk-wind models usually attempt to explain characteristics derived from high-resolution studies of jets from Class II young stellar objects (YSOs) (see for example the review of Cabrit 2009). They have yet to be applied to emissionline regions at the bases of jets from Class I protostars. This is largely due to a lack of observational data; note that at visible wavelengths Class I sources are usually hidden behind tens of magnitudes of extinction. To address this paucity of data, we have therefore surveyed a handful of protostars in the H and K-bands with the SINFONI integral field spectrograph (IFS). With seeing limited observations one can not expect to probe the spatial (few AU) scales needed to clearly discriminate between X-wind and disk-wind scenarios. However, one is able to investigate the inner propagation region, where the jet has not yet had time to strongly interact with the ambient medium and thus retains information on its acceleration mechanism. The widths of atomic and molecular jet components, their opening angles, the electron density and the mass flux are potentially also measurable quantities. Spatial information may also be acquired by using spectro-astrometric techniques (e.g. Hirth et al. 1997; Davis et al. 2001; Whelan et al. 2004) .
In this paper we present new, deep, 2-dimensional H and K-band spectroscopy of seven outflow sources. In Sect. 2 we describe the observations and target sample, in Sect. 3 we examine images and spectra extracted from our data cubes, measuring flow component opening angles, mass-loss rates, the extinction and the electron density at the base of each jet, in Sect. 4 we discuss the data in terms of jet models and episodic accretion and outflow.
Observations

Integral field spectroscopy with SINFONI
Data were obtained using the IFS SINFONI at the ESO Very Large Telescope (UT-4) at Paranal, Chile in October 2006 (see Table 1 for details). The seeing was better than 0.7 on each occasion, although some of the data were acquired through thin cirrus (variations in transparency less than 20%).
SINFONI houses a 2048×2048 pixel Hawaii 2RG array. The pixel scale measures 0.05 . An image slicer splits the input field into 32 slices; each slice is 64-pixels long and 2-pixels wide. The 64 × 64 pixel field of view in this mode is therefore ∼3.2 (note that in all extracted images the data have been re-sampled onto 0.05 pixels). The image plane is rotatable, so with each target a position angle that aligns the jet axis along rows in the spatial plane was used (Table 1 ). All data were acquired with a moderate-resolution H + K band grating (R ∼ 1500); this resolution spans a relatively broad wavelength range, 1.45-2.45 μm, though yields essentially no useful velocity information for our sources.
Observations were conducted in the standard object-sky-skyobject (ABB A ) mode, the instrument being offset to blank sky in each case. This sequence was executed twice for all sources except HH 34-IRS and SVS 13, where it was observed four times. The exposure time for individual target and sky frames was 300 s except for our brightest target, SVS 13, where three A3, page 2 of 23 coadds of 100 s were used. Total on-source integration times are listed in Table 1 .
The SINFONI data reduction pipeline was used to apply dark and bad pixel masks, to flat-field the data, to correct for optical distortions and to apply a wavelength calibration (using Xenon arc lamp images). The pipeline also subtracts sky frames from object frames and creates data cubes for each target and standard star. STARLINK 1 software was then used to correct for atmospheric absorption and to flux calibrate the data, using observations of B3V-B5V standard stars (Table 1) . Briefly, source and standard star spectra were extracted from the data by collapsing the central portion of each cube. Hydrogen recombination lines (up to Br11) were removed from the standard star spectra before division by an appropriate normalised black-body and spectral alignment with the associated target spectra. The standard star spectra were then grown into 64 × 64 × 2048 pixel cubes and divided into the appropriate target cubes to correct for telluric absorption and to flux calibrate the data.
One of the benefits of IFS observing is that the images in each emission line -and in the continuum -are taken simultaneously; the seeing and transparency are therefore exactly the same, and of course all data are registered. Therefore, precise continuum subtraction is possible, and very clean images of the line emission peaks close to the source continuum can be acquired. If the seeing is fully sampled, then 2-D Gaussian fitting and/or cross-correlation techniques can also be used to measure the accurate positions of emission knots, so that the positions of H 2 and [Fe ii] features relative to each other, but also relative to the source continuum, hydrogen recombination lines, CO ro-vibrational lines and the permitted emission lines of other atomic metals (Na i, Ca i, Mg i, etc.), can be established. (A positional accuracy of ∼Seeing/(2.35 × S N) is possible, i.e. ∼20 mas for good seeing [∼0.5 arcsec] and a modest signal-to-noise ratio [S N ∼ 10].)
Target selection
We have selected seven embedded sources (listed in Table 1) based on their association with HH objects and/or Molecular Hydrogen emission-line Objects (MHOs, see the recent online catalogue described in Davis et al. 2010 2 ). From spectroscopic studies, SVS 13 (the HH 7-11 source), HH 300-IRS (IRAS 04239+2436), HH 34-IRS and HH 72-IRS are also known to be associated with MHEL and/or FEL regions (e.g. Davis et al. 2003; Takami et al. 2006; Antoniucci et al. 2008) . A compact jet has been observed in Fabry-Perot images and spectroscopy of HH 26-IRS Chrysostomou et al. 2008) , while HH 999-IRS powers HH objects and a striking bipolar molecular outflow (HH 999-IRS is associated with IRAS 06047-1117; Yun et al. 2001) . HH 83-IRS -possibly the most evolved source in our sample -drives a collimated jet associated with a bright, conical reflection nebula (Reipurth 1989; Reipurth et al. 2000) . The HH knots associated with the jet from HH 83-IRS were found to have a lower density (and higher ionisation fraction) than those in the HH 34 jet, by an order of magnitude in both cases, as one might expect for a more evolved system (Podio et al. 2006 ) -although such characteritics could also be attributed to lower rates of accretion and ejection. Note that optical 3-D spectroscopy of HH 83 has also recently been presented by Movsessian et al. (2009) . Source bolometric luminosities (discussed later in this paper) are consistent with 1 http://starlink.jach.hawaii.edu/ 2 http://www.jach.hawaii.edu/UKIRT/MHCat/ 
Results
Imaging of line emission at the base of each jet
The brightest emission lines associated with jets from young stars in the H and K-bands are produced by molecular hydrogen and singly-ionised iron (e.g. Caratti o Garatti et al. 2006; Takami et al. 2006; Antoniucci et al. 2008) . Hydrogen recombination lines are also detected towards the central source. From each of the seven target IFS cubes we have therefore extracted images in the 1-0S(1) ro-vibrational line of H 2 at 2.122 μm, the 1.644 μm forbidden emission line of [Fe ii] , and Brγ at 2.166 μm.
In each case a continuum image was extracted at wavelengths either side of the emission line; the average of these two continuum images was subtracted from the on-line image to produce continuum-subtracted images. These are presented in Fig. 1 [ Podio et al. (2006) , who likewise failed to detect line emission from the base of the jet. They note that the absence of [Fe ii] emission may be due to a low jet density, since the Fe + levels have critical densities in excess of 10 4 cm −3 , or conversely to quenching of the emission if the density is too high. In HH 26-IRS, the lack of bright [Fe ii] emission may also be consistent with the high H 2 /Brγ ratio noted below, if the hydrogen recombination line is relatively weak because of modest gas excitation conditions at the jet base.
In Fig. 1 the contours mark the continuum position at 2.16 μm. In each panel in Fig. 2 the image and black contours show the distribution of line emission at the jet base; the position of the adjacent continuum is marked with yellow contours for reference. This nominal "source" position does, however, shift slightly with wavelength. In all cases, the continuum peak shifts along the flow axis (along the x-axis), moving downwind with decreasing wavelength. This shift is therefore largely due to extinction. Differential refraction -potentially a problem when observing at high airmass (for SVS 13 and HH 300-IRS) -was found to have an insignificant effect on the data (see Appendix A for details).
The colour images in Fig. 1 suggest that the distribution of H 2 and [Fe ii] near each outflow source is complex and rather different from source to source: [Fe ii] (the blue emission) appears to trace a collimated jet component in HH 34-IRS, with H 2 (green emission) enveloping the outer edges of the jet baseas one might expect if the H 2 is entrained along the walls of a collimated jet, or if it is excited in a disk-wind ejected at large disk radii. However, in HH 72-IRS (our most distant target), the reverse is seen, with faint [Fe ii] evident around the base of a collimated H 2 jet. The jet is distinct in H 2 in HH 72-IRS, SVS 13 and (to a lesser extent) HH 26-IRS. Finally, in HH 300-IRS the axes of both lobes of this bipolar outflow appear to be traced in [Fe ii] with H 2 emission detected only along the northern border of the jet lobes. If the H 2 represents entrained ambient gas, an inhomogeneous ambient medium may account for the lack of line emission along the southern walls of the jets. One should note, however, that Reipurth et al. (2000) identify HH 300-IRS as being a close binary, with a separation of 0.3 . In their highresolution HST images HH 300 appears to be "wiggling" (they detect only the [Fe ii] component of the jet); directional variability may therefore contribute to the off-axis emission detected here in H 2 .
In Fig. 3 we plot profiles of the Brγ 2.166 μm, H 2 2.122 μm and [Fe ii] 1.644 μm line emission along each jet axis; the continuum profile at 2.17 μm is also plotted for comparison. To produce these profiles, the continuum-subtracted images have been integrated vertically across the width of the flow. Multicomponent Gaussian fits were then applied to each profile to measure peak positions and the extent of observed features (Tables 2 and 3) .
In almost all sources we find that the Brγ emission peak is essentially coincident with the source continuum peak; the extent of the Brγ profile also matches than seen in the adjacent continuum profile. Both sets of profiles therefore represent an upper limit to the seeing. With a critical density in excess of 10 10 cm −3 , Brγ traces very high excitation regions. However, whether these regions are associated with accretion "funnel" flows, the jet base, or a less collimated ionized wind, cannot be easily ascertain. We do record a slight offset between the Brγ and adjacent continuum peaks in our closest source, HH 300-IRS (note the offset of 0.026 [3.6 AU] toward the north-eastern 
Notes.
(a) Orientation of the jet or outflow with respect to the line of sight (Reipurth 1989; Chrysostomou et al. 2000; Davis et al. 2003 , and references therein).
(b) Offsets of Brγ, H 2 and [Fe ii] emission peaks relative to the interpolated continuum peak at 2.166 μm (the position of which is measured from the average of the continuum images extracted either side of the Brγ line). Negative values represent offsets to the right of the continuum in Figs. 1 and 2 , positive to the left. The "offset on sky" values, given in arcseconds and in AU (using the adopted distances listed in Table 1 ), are uncorrected for flow orientation; the "offset along jet" values have been corrected for α. 
(a) Orientation of the jet or outflow with respect to the line of sight. (b) Values are derived from the multi-component Gaussian fits to the profiles shown in Fig. 3 . Note that these parameters are limited by the seeing (which has not been deconvolved from these data) and, in some cases (notably Brγ), the features may be unresolved. Values on sky, given in arcseconds and in AU (using the adopted distances listed in Table 1 ), are uncorrected for flow orientation; Values along the jet axis have been corrected for the flow inclination angle, α. flow lobe). In this object the line emission may derive from the outflow. Similar offsets could also be present in some of the other, more distant sources; we may simply lack the resolution to observe these. Note also that recent VLTI observations of Herbig Ae/Be stars suggest that Brγ is more likely to be associated with a wind than with an accretion flow (Tatulli et al. 2007; Kraus et al. 2008; Benisty et al. 2010) . Spatially extended Brγ has also very recently been observed in some low-mass T Tauri stars (Beck et al. 2010 ).
In Fig. 3 the H 2 and [Fe ii] profiles are clearly extended along the flow axis (see Tables 2 and 3 for details); profile peaks are shifted downwind and therefore these emission lines must trace the outflow. In some cases the innermost H 2 feature is further from the source than the innermost [Fe ii] peak (SVS 13, HH 72-IRS and possibly HH 999-IRS), although in HH 34-IRS the H 2 and [Fe ii] emission peaks are almost coincident. The HH 34 jet is thought to be orientated close to the plane of the sky (Eislöffel & Mundt 1992) , so flow inclination is unlikely to be the cause of this.
The offsets in Table 2 are generally consistent with those reported in previous spectro-astrometric studies (e.g. Davis et al. 2001 Davis et al. , 2003 Takami et al. 2006) , even though the new values may include off-axis emission in the collapsed IFS profiles not covered by the narrow slits used in the earlier studies. In their AO-corrected NACO long-slit spectroscopy of the SVS 13 jet, Davis et al. (2006) measure offsets of 0.29 (±0.01 ) and 0.061 (±0.004 ) for the first H 2 and [Fe ii] peaks along the jet axis (note that these offsets are with respect to the adjacent continuum emission, and are not corrected for flow inclination angle). We simulate their 0.172 -wide slit by extracting profiles averaged across just the central four rows in the SINFONI data. In these new profiles, the inner-most H 2 and [Fe ii] peaks are offset by 0.29 (±0.04 ) and 0.10 (±0.02 ) from the adjacent continuum peaks. Within the errors (the H 2 profile in particular comprises multiple components and cannot be fit with a single Gaussian), these offsets are consistent with the relatively low proper motions measured by Davis et al.: 0.03 /year (31 km s −1 at a distance of 220 pc) for the H 2 feature, and <0.02 /year (<20 km s −1 ) for the [Fe ii] feature. Note that the SINFONI and NACO observations were separated by just 1.72 years.
The widths and opening angles of each jet component
From the continuum-subtracted SINFONI images we have also measured the width of each jet component, by extracting 2-pixel (0.1 )-wide vertical slices and fitting a single Gaussian to each slice profile. The widths (which correspond to the full width, or full opening angle, of the flow) are plotted against de-projected distance from the source continuum position (i.e. corrected for flow inclination angle) in Fig. 4 . These jet widths are deconvolved from the effects of seeing, using a seeing estimate measured from extracted continuum images in the H-and K-bands. The jet width therefore approaches zero in some of the plots.
In 
Notes.
(a) Source bolometric luminosity taken from the literature: see Reipurth (1989) , Chrysostomou et al. (2000) , Yun et al. (2001) and Antoniucci et al. (2008) .
(b) FWHM widths of the H 2 and [Fe ii] flow components measured at the distances listed in Cols. 3 and 8, respectively. Values are corrected for seeing (see Fig. 4 ).
(c) Upper limits on the flow component (full) opening angles, θ H2 and θ [FeII] , derived from the offsets and widths in Cols. 3, 4 (for H 2 ) and 8, 9 (for [Fe ii]).
(d) Flow component full opening angles derived from fits to the jet widths plotted in Fig. 4 (which have been corrected for seeing) over the range specified in Cols. 6 and 11.
In HH 999-IRS both flow components seem to broaden with distance, while in the remaining source, HH 300-IRS, the H 2 and [Fe ii] widths remain essentially constant. Therefore, on the spatial scales sampled by our observations (in the nearest source, HH 300-IRS, 1 is equivalent to 140 AU; in the most distant source, HH 72-IRS, 1 represents ∼1500 AU), we do find evidence for flow broadening -in at least one jet component -in five of the six sources. However, we do not consistently find that the ionised jet component is narrower than the molecular flow component.
Of course, we may simply lack the spatial resolution needed to resolve these two flow components, particularly within the first ∼100 AU of the source where the H 2 and [Fe ii] emissionline regions are most likely to be disparate; beyond 100 AU the flow may develop bow shocks and/or otherwise interact with the ambient medium in such a way as to mix the two emission-line regions.
In some targets we do find that the narrower flow components are accompanied by emission at high velocities (as reported in the literature). For example, in echelle spectroscopy of HH 72-IRS the [Fe ii] line profile peaks at a radial velocity of ∼150 km s −1 ; the H 2 profile is multi-peaked, with strong components observed at 60 km s −1 and 149 km s −1 (these velocities are uncorrected for flow inclination angle). Towards SVS 13, the [Fe ii] profile peaks at a radial velocity of ∼141 km s −1 ; the H 2 profile peaks at a much lower velocity (28 km s −1 ), though the blue-shifted profile wing includes a weaker, secondary peak at ∼97 km s −1 (Davis et al. 2001 (Davis et al. , 2003 .
In Table 4 we attempt to quantify the jet component full opening angles, θ H2 and θ FeII , by firstly measuring the narrowest jet width along the flow axis. We use the (de-projected) distance associated with this width to calculate θ H2 and θ FeII . Results are listed in . H-band spectra extracted from each target over a 0.5 square area centred on the continuum peak. The continuum emission has been fitted and removed and the spectra normalised to the peak flux density of Brγ. The spectrum of HH 72-IRS has been scaled by 0.5, and spectra have been separated vertically by a flux density of 0.5, to improve the overall clarity of the figure. width at the source position, and (b) in many cases the jet width is close to being unresolved at its narrowest point.
More precise opening angles -albeit over greater jet lengths -can be measured by simply fitting a straight line to the data in Fig. 4 . We exclude data points downwind where the flow appears to stop expanding (the extent of the flow over which the opening angles are calculated is listed in Table 4 ). θ H2 (fit) and θ FeII (fit) represent mean values for the full opening angle of each flow component, measured over a few hundred AU along each jet axis. These values are certainly sensitive to the range of data points used; for HH 72-IRS, for example, θ FeII (fit) is narrower if we exclude data beyond ∼700 AU.
The values for θ H2 (fit) and θ FeII (fit) listed in Table 4 are all in the range 21
• to 42
• ; the flow components with no values listed in Cols. 7 and 12 in Table 4 presumably have narrower opening angles. Overall, the derived values are generally much smaller than the upper limits measured closer to the outflow source (θ H2 and θ FeII ). This result in not inconsistent with studies of jets from T Tauri stars, where HH jets exhibit larger opening angles when these are measured closer to the source, and smaller angles when measured further out (e.g. Ray et al. 1996; Dougados et al. 2000; Hartigan et al. 2004; Agra-Amboage et al. 2009 ).
Lastly, we note that there appears to be no clear correlation between source bolometric luminosity and flow opening angle (see Table 4 ), although obviously our data sample is limited. Flux Density normalised to Br γ Fig. 6 . K-band spectra extracted from each target over a 0.5 square area centred on the continuum peak. The continuum emission has been fitted and removed and the spectra normalised to the peak flux density of Brγ. The spectrum of HH 72-IRS has been scaled by 0.3, and spectra have again been shifted vertically to improve the clarity of the figure.
Al i. It's spectrum is similar to that of a veiled late-type star (e.g. Doppmann et al. 2005 ).
In the remaining six sources only emission lines are detected. In addition to H i, like Antoniucci et al. (2008) we observed permitted atomic lines from Na i, Ca i, Mg i, Al i and possibly Ti i, the strongest of which are only 2-5 times weaker than Brγ (see Tables B.1 and B. 2). These are probably circumstellar in origin, unlike the (veiled) photospheric absorption lines observed in HH 83-IRS. Because of their relatively low ionisation potentials, emission lines from Na i, Ca i and Mg i (5.1 eV, 6.1 eV and 7.6 eV, respectively) probably originate from larger disk radii than the hydrogen recombination lines (13.6 eV). Antoniucci et al. (2008) find that Na i lines are narrower than Brγ, as one would expect if the Brγ emission is associated with the inner, more ionised disk regions where Keplerian velocities are higher.
The first overtone ro-vibrational CO bandheads are seen in emission in all six of the embedded sources, and tentatively in absorption in HH 83-IRS. In protostars the CO lines are thought to be formed in the innermost regions of the disk or in a dense stellar wind (Carr 1989; Chandler et al. 1990; Najita et al. 1996) , or in accretion flows between the inner disk surface and the central star (Martin 1997) . The CO bands are also know to be highly variable in some young stars (e.g. Biscaya et al. 1997; Aspin et al. 2010 detected in our HH 34-IRS data (see Fig. 7 ) and possibly also towards HH 72-IRS.
If CO and the various atomic permitted lines are associated with circumstellar matter and, specifically, an accretion disk, one might expect to see a correlation between these lines. Antoniucci et al. (2008) have already shown that the Na i doublet at 2.21 μm correlates with CO 2-0 bandhead emission. In the six sources with Na i and CO emission in our sample we identify a similar correlation (Fig. 8) . For the modest set of data in this figure we measure a correlation coefficient, r, of 0.984; this corresponds to a probability, P, of only 2% that a random distribution of data points could produce the observed correlation (see Table 5 ).
A correlation is also seen between CO and the sum of the Ca i 1.987 μm and Ca i 1.978 μm lines (r ∼ 0.95); the relationship between CO and the Mg i doublet at 1.50 μm is less clear, although interestingly the two outliers in the bottom panel in Fig. 8 -HH 34-IRS and SVS 13 -are the two sources with potentially the least extinction (discussed further below). These two objects may be marginally more evolved than HH 300-IRS, HH 72-IRS, HH 999-IRS and HH 26-IRS, or they may be orientated such that the Mg i/CO intensity ratio is enhanced.
We also consider whether tracers of accretion correlate with tracers of outflow. Accretion-signature lines are not always associated with jet signature lines (Doppmann et al. 2005; Nisini et al. 2005; Antoniucci et al. 2008) . In TTSs, for example, CO, Na i, Mg i etc. are observed in absorption 
(a) Linear-correlation coefficient, r, between the log-log values of the line intensities plotted in Figs. 8 and 9 . Zero corresponds to no correlation, unity to complete correlation.
(b) Probability, P, that a random sample of measured line intensities could produce a linearcorrelation coefficient, r, equal to the value listed in the second column (Bevington & Robinson 1992) . P should be less than a few percent if a correlation exists between the measured line intensities. (Doppmann et al. 2005) . Indeed, in our HH 83-IRS spectra there is a hint of CO in absorption; the atomic lines are also seen in absorption. In Fig. 9 we plot H 2 and [Fe ii] line intensities against the sum of the first two CO bandheads. Clearly there is no correlation between these lines (high values of P are listed in Table 5 ). Presumably this is due to the variable nature of accretion and outflow activity in young stars, and the influence the ambient medium has on the observed intensities of emission lines in outflow shocks. We also stress that we have observed only a small number of objects.
Finally, Doppmann et al. (2005) propose that Class I sources, selected based on broad-band photometry, span a range of circumstellar properties, from heavily accreting to relatively quiescent. In high signal-to-noise Keck spectroscopy of 52 Class I and flat-spectrum sources, they find that only 15% exhibit CO emission or absorption; in our more modest sample of protostars, selected because of their association with molecular outflows, all exhibit CO emission bar one, the most evolved source in our sample, HH 83-IRS. This certainly suggests that outflow activity is a useful tracer of youth.
Extinction
Analysis of the conditions at the base of each jet ideally requires knowledge of the extinction, A v . Towards an embedded young star A v can be estimated from a near-infrared (near-IR) colourcolour diagram, provided the source lies close to the reddening band associated with the main sequence dwarfs and giants. In Fig. 10 we plot the 2MASS colours of our seven sources. All lie to the right of the reddening band, in the part of the diagram usually occupied by T Tauri stars and embedded Class I protostars (Lada & Adams 1992; Meyer et al. 1997 ). On face value, SVS 13 and HH 34-IRS appear to be less extincted than the other five sources, which cluster together near the top of the diagram and exhibit relatively extreme J − H, H − Ks colours. The A v values needed to de-redden each data point, i.e. move it on to the T Tauri locus, are listed in Table 6 . These values should be viewed with some caution, however, since the classical T Tauri locus is defined for optically-visible Class II sources surrounded only by an accretion disk; detailed modeling of the infalling envelopes that surround the Class I sources in our study is required to take into account the affects the intrinsic excess and scattering associated with the envelope have on the J − H and H − Ks colours. 
Notes.
(a) A v estimates derived by de-reddening J − H, H − Ks colours of each source in a near-IR colour-colour diagram (Fig. 10) . The thick black dots lower-left mark the locus of intrinsic colours for main sequence dwarfs and giants (Koorneef 1983) ; the two long-dashed parallel lines are reddening vectors for the main sequence stars up to A v = 30 mag (Rieke & Lebofsky 1985) ; the short-dashed line indicates the locus of T Tauri stars (Meyer et al. 1997 ).
The extinction toward the MHEL/FEL regions can be estimated from pairs of emission lines well separated in wavelength, provided the lines share the same upper energy level.
-H 2 Q-branch lines (Q(3), Q(4) and Q(5)) can be used with the 1-0S(1), S(2) or S(3) transitions (e.g. Gredel 1992; Giannini et al. 2004; Takami et al. 2006; Beck 2007) . The 1-0S(1)/1-0Q(3) ratio is most commonly used in studies of HH objects and extended molecular outflows; we therefore use this ratio in Table 6 . We adopt the transition probabilities of Wolniewicz et al. (1998) and assume an extinction law of the form A λ /A v = (λ v /λ) 1.6 (where λ v = 0.55 μm, Rieke & Lebofsky 1985) . However, one should note that the Q-branch lines appear in a region of poor atmospheric transmission (λ > 2.4 μm); towards accreting protostars these lines may also be superimposed on top of CO bandhead emission (see for example Fig. 6 ). Table 6 , quote values for A v from these three sets of line ratios. We adopt the transition probabilities of Nussbaumer & Storey (1988) . Like Takami et al. (2006) we find that A v values derived from the 1.664 μm/1.745 μm ratio are lower than those obtained from the other two [Fe ii] ratios and, in the case of HH 34-IRS, the H 2 ratio. -H i Brackett line ratios can be compared to theoretical values to estimate the extinction towards the hydrogen recombination zone. Hummer & Storey (1987) compute the relative intensities for H i recombination lines for a range of temperatures (500 K ≤ T e ≤ 30 000 K) and electron densities (100 cm −3 ≤ n e ≤ 10 14 cm −3 ). Recently, Bary et al. (2008) have shown that the Brackett decrement in active T Tauri stars is consistent with case B recombination theory at high densities though relatively low temperatures (n e ∼ 10 9 −10 10 cm −3 , T e ≤ 2000 K). Under these conditions the two strongest Brackett lines in the H and K-bands, H i(9-4) and Brγ (H i(7-4)), have a ratio of 0.65-0.94 (Hummer & Storey 1987 ). In Table 6 we quote extinction values based on a ratio of 0.80. Lower ratios consistent with lower densities and higher temperatures (H i(9-4)/Brγ = 0.46 for n e ∼ 10 6 cm −3 , T e ∼ 3000 K) ultimately produce unphysical, negative values for the extinction. The positive values listed in Table 6 imply that the conditions used by Bary et al. for T Tauri stars are also appropriate for the younger Class I sources analysed here. Note, however, that the 9-4 transition is again close to the edge of the H-band atmospheric window and so is potentially difficult to measure accurately.
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Reducing the scatter of data points plotted in H 2 excitation diagrams is another possible technique for measuring A v , provided sufficient ro-vibrational lines are detected Caratti o Garatti et al. 2006) . If the gas is thermalised to a single excitation temperature, in a plot of ln(N v,J /g) (where N v,J is the column density of the v, J ro-vibrational level and g is the statistical weight) against upper-level energy, E v,J , the points should lie on a straight line. For the range of temperatures expected in a post-shock cooling zone, a curve is often a better fit to the data. In either case, correcting the column densities for extinction should reduce the scatter of data points about a linear or polynomial fit. Varying A v and analysing the goodness-of-fit should then lead to an estimate of the extinction. We describe this process in detail in Appendix C, and include the range of extinction values measured in this way towards our outflow sources in Table 6 .
None of the above techniques can be viewed as entirely satisfactory. Although measured in the same 0.5 × 0.5 aperture, the line ratios listed in Table 6 trace different regions in each system; the Brackett lines almost certainly originate from a region very close to the central object, while the H 2 and [Fe ii] lines trace a more extended region along the jet axis. One might expect the extinction values derived from the former to be generally higher, though also sensitive to the orientation of the system (an edgeon disk resulting in increased A v towards the central source). Each method also assumes that line intensities are modified only by line-of-sight extinction and that the standard ISM extinction law is valid. None of the methods take into account the effects of scattering, which increase the observed intensities of the shorterwavelength transitions (causing, for example, JHK colours to be "bluer"). Scattering will almost certainly be important in these dense regions. The [Fe ii] lines are also relatively close in wavelength; these ratios are less sensitive to extinction than lines that are more widely spaced spectrally.
In her study of Class I and flat-spectrum YSOs, Beck (2007) measures a wide range in extinction when comparing A v values derived from H i Brα/Brγ and H 2 ratios with values calculated from spectral synthesis models, the column density of water ice observed in her spectra, and by de-reddening J − H and H − K colours in colour-colour diagrams. Beck notes that future detailed modeling of scattered light images and SEDs may result in more robust A v measurements. Of the methods considered by Takami et al. (2006) , the 1-0 S(1)/1-0Q(3) ratio was preferred, since it often agrees with values based on S(0)/Q(2) and S(2)/Q(4) ratios. Takami et al. also consider values derived from the [Fe ii] 1.600 μm/1.712 μm ratio to be upper limits; we likewise find these values to be on the high side.
In conclusion, we consider the [Fe ii] 1.644 μm/1.810 μm ratio, the H 2 2.122 μm/2.424 μm ratio, and the H 2 excitation diagram analysis to be the more reliable spectroscopic techniques for estimating the extinction. The values derived from linear fits to H 2 line intensities in the excitation diagrams in Appendix C seem to be too low in some sources; a polynomial fit is preferred. With the possible exception of HH 72-IRS, the extinction values measured for our sample of outflow sources are consistent with values found in the literature, which we also list in Table 6 .
In Fig. 11 we plot images of the extinction at the base of each outflow, derived from the ratio of the 1-0 S(1) and 1-0 Q(3) H 2 lines, and the 1.644 μm and 1.810 μm [Fe ii] transitions (the H i recombination line emission is not extended so similar plots in H i(9-4)/(7-4) have not been produced). The plot of extinction in each panel is confined to regions where line emission (in the weakest transition) is detected. Even so, we see that in almost all cases the extinction is highest towards the source continuum 
Electron density at the base of each jet
[Fe ii] is a useful tracer of the electron density, n e , and electron temperature, T e , in the ionised jet component at the base of each outflow . When measuring n e the 1.533 μm/1.644 μm line ratio is the least sensitive to electron temperature, although the 1.600 μm/1.644 μm, 1.664 μm/1.644 μm and 1.677 μm/1.644 μm ratios are expected to provide more accurate densities because of the limited effects of extinction on these spectrally-adjacent transitions Takami et al. 2006; Podio et al. 2006; Garcia Lopez et al. 2008; Giannini et al. 2008) . At densities above 10 5 cm −3 and for temperatures in the range 5000-20 000 K, these ratios saturate at thermalised values of: 1.533 μm/1.644 μm = 0.37-0.41, 1.600 μm/1.644 μm = 0.29-0.34, 1.664 μm/1.644 μm = 0.15-0.19, and 1.677 μm/1.644 μm = 0.27-0.30.
In Table 7 we list these line ratios and, using the models of Nisini et al. (2002) and Takami et al. (2006) , predict the electron density at the base of each outflow. The 1.664 μm/1.644 μm and 1.677 μm/1.644 μm ratios yield somewhat higher values for n e than the other two ratios. The 1.664 μm line is the weakest of the four considered here, and is only reliably detected in HH 34-IRS; the 1.677 μm line is blended with H i (11-4) at 1.681 μm and so is also arguably less reliable. Even so, for SVS 13 and HH 34-IRS our measurements are generally consistent with the higher-spectral-resolution Subaru Telescope observations of Takami et al. (2006 , the areas they label "Region 1" in their position-velocity diagrams are roughly consistent with our IFS field-of-view). Notably, the high 1.533 μm/1.644 μm ratio and even the large 1.600 μm/1.644 μm upper limit in Table 7 for SVS 13 are also observed by Takami et al. Both are unphysically high. Correcting for extinction would increase both line ratios so this cannot account for these high values. In some sources the 1.533 μm/1.644 μm could be affected by contamination of the [Fe ii] 1.533 μm line intensity by H i (18-4) at 1.535 μm, although this seems unlikely for HH 300-IRS and HH72-IRS where the [Fe ii]/Brγ ratio is high (note also that Takami et al. resolve these two lines and find H i (18-4) contamination to be negligible). In any case, all three line ratios indicate an electron density of the order of 10 4 −10 5 cm −3 at the base of each outflow.
In Figs. 12 and 13 we present images of HH 34-IRS, HH 300-IRS and HH 72-IRS in each line ratio. These three sources are the brightest [Fe ii] emitters in our sample of targets. The images have not been corrected for extinction because of the uncertainties associated with A v (discussed earlier) and because the lines are in any case very close in wavelength. Figure 12 clearly illustrates a decrease in line ratio -and therefore a decrease in gas density -with distance from the HH 34-IRS source along the jet axis (i.e. towards the left). This decrease is evident in three of the four ratio diagrams and therefore can not be an effect of extinction (a sharp decrease in electron density along the HH 34 jet has also been reported by Podio et al. 2006; and Garcia Lopez et al. 2008) . The 1.664 μm/1.644 μm ratio appears relatively constant along the jet axis, though again we stress that the 1.664 μm line is the weakest of the four used here. The 1.677 μm/1.644 μm ratio is also noticeably high towards the jet driving source in panel (d) (towards the centre of the image), as noted earlier. We do not observe a decrease in density across the width of the flow (i.e. higher density along the flow axis; lower towards the flow edges), although this is probably because the width of the flow is unresolved. Notes. (a) Integrated line intensities measured from the images presented in Fig. 2 . I [FeII] and I H2S (1) are not corrected for extinction. Intensities are integrated across the entire extent of the observed jet in each object.
(b) Extinction, A v . For each source the median of values measured from H 2 and [Fe ii] line ratios and/or H 2 rotational excitation diagrams (listed in Table 6 ) is used. If these are not available, the extinction measured from the colour-colour diagram is employed.
(c) H 2 and [Fe ii] flow component radial velocities, uncorrected for flow orientation (see Table 2 in Davis et al. 2003 , for details). Two equally strong peaks are detected in the H 2 echelle spectrum of HH 72-IRS -the range in values above takes into account these two velocities. For HH 999-IRS we use canonical values, based on the other sources in this table (data are marked with a * ); the HH 26-IRS H 2 velocity is taken from Antoniucci et al. (2008) .
(d) Mass outflow rate and momentum flux in each flow component, derived using the velocities list in Cols. 5 and 6, corrected for the flow orientation angle listed in Tables 2 and 3 . All values are also corrected for the extinction, A v , listed in Col. 4 above. Towards HH 300-IRS the [Fe ii] emission is extended along the flow axis (see Fig. 2 ), though it is also much weaker than in HH 34-IRS. Consequently, density gradients are more difficult to see in this outflow. Even so, there is perhaps a hint of a gradient in the 1.677 μm/1.644 μm image (Fig. 13c) . In this figure the ratio is high in the centre, though marginally lower towards the left. HH 72-IRS is the most distant source in our sample; the outflow lobes are weak in [Fe ii] emission and the weaker [Fe ii] lines are observed only towards the outflow source position (the emission is slightly extended along the flow axis, i.e. left-right). Fig. 2 we measure the integrated intensity across the entire flow observed in our IFS data. The area associated with these MHEL/FEL flow components is assumed to be equal to the extent of the flow along the jet axis (measured from the profiles in Fig. 3 where the intensity drops to 50% of the nearest peak), multiplied by the width of the flow (which in all cases is effectively the seeing). We correct these integrated intensities for extinction, using an estimate based on the ranges of A v values derived from the observed H 2 and [Fe ii] line ratios and/or H 2 excitation diagrams listed in Table 6 . Following Davis et al. (2001 Davis et al. ( , 2003 , the column density of gas (in units of m −2 ) is then given by:
and
I H2 and I [FeII] are in units of W m −2 . a is the area of each flow component in steradians. Multiplying each column density by this area (in m −2 ) and by the mass of molecular hydrogen (atomic hydrogen for the [Fe ii] component) gives the total mass of the flow component.
The orientation angle of each MHEL/FEL jet with respect to the line of sight, α, was obtained from the literature (Chrysostomou et al. 2000; Davis et al. 2003 , and references therein); the values used are listed in Tables 2 and 3 . For each flow component velocity we use the peak radial velocity measured in the echelle spectroscopic observations of Davis et al. (2001 Davis et al. ( , 2003 ; see also Takami et al. 2006) ; note that HH 300-IRS corresponds to IRAS 04239+2436 in these earlier studies. HH 26-IRS and HH 999-IRS were not observed by Davis et al; we therefore adopt "typical" values for V [FeII] and V H2 , based on the other sources listed in Table 8 , for HH 999-IRS, and use the (unusually high) radial velocity measured by Antoniucci et al. (2008) for HH 26-IRS.
Mass loss rates and momentum fluxes, based on these velocities and the length of the observed MHEL/FEL jet, are listed in Table 8 . Values derived for the [Fe ii] flow component should be regarded as lower limits, due to the unknown [Fe ii] depletion factor (Nisini et al. 2005; Podio et al. 2006) ; the fraction of Fe that is single ionised is also a source of uncertainty (Hamann et al. 1994) . The dominant sources of error are the extinction and flow velocity. The lowest value of A v used is 10 mag, the highest 44 mag. 34 mag of extinction is equivalent to a factor of ∼20 difference in the H 2 data, and a factor of ∼500 difference in the shorter-wavelength [Fe ii] results. The velocities used should be relatively reliable, since these have been directly measured in most of our targets. However, note that if multiple velocity components have been observed, only the highest-velocity is used (see Davis et al. 2003 , for details). Flow orientation angles are probably accurate to within 10-20
• in most of our targets; an increase in angle from 40
• to 60
• increasesṀ andṀV by a factor of only 2-3, so α is probably a secondary source of error.
Based on optical and near-IR spectroscopic studies over multiple knots along the well-known jets HH 111, HH 34 and HH 83, Podio et al. (2006) Bacciotti & Eislöffel (1999) . Closer to the central engine, Davis et al. (2001 Davis et al. ( , 2003 measureṀ from their H 2 and [Fe ii] echelle spectroscopic data;Ṁ is measured to be marginally higher in these inner jet regions, in the range 10 −6 −10 −8 M yr −1 . Higher mass loss rates might be expected close to the source if further downstream the jet sweeps up and entrains cold ambient material (a "CO outflow", for example), since mass loading of this form would require the transfer of momentum from the hot atomic/molecular jet observed in [Fe ii] and H 2 . However, Antoniucci et al. (2008) have observed some of the same outflow sources and measure mass loss rates more consistent with the larger-scale studies, withṀ again in the range 10 −7 −10 −8 M yr −1 . TheṀ andṀV values reported here in Table 8 are in general consistent with or higher than these earlier studies. Larger values could result from the use of higher extinction values. We have already demonstrated that A v drops off sharply with distance from each source, so the values used in Table 8 may be high. Also, other studies have relied upon long-slit spectroscopic observations which miss the off-axis emission included in the current 3-D dataset. Since the mass loss rate is based on a dynamical time scale measured only from the "length" of the MHEL/FEL jet, this additional mass would result in higher mass-loss and momentum flux estimates.
The momentum supply rate or momentum flux,ṀV, is often reported to be higher in [Fe ii] than in H 2 (e.g. Davis et al. 2003; Podio et al. 2006; Agra-Amboage et al. 2009 ). To some extent this is not too surprising, given the order-of-magnitude greater velocities observed in [Fe ii] over H 2 . High values of A v will also enhance theṀV [FeII] /ṀV H2 ratio. Even so, the results in Table 8 do suggest that the atomic "jet" component certainly could supply sufficient momentum to drive the molecular flow component. The molecular outflow, observed in H 2 emission in each of our six Class I sources, may therefore be "jet driven".
Discussion
H 2 and [Fe ii] as tracers of jets from young stars
Our high spatial resolution IFS observations of seven young stars demonstrate the abundance of diagnostic lines available in the near-infrared. These lines probe both accretion and outflow processes. The 3-D IFS observations yield excitation data and line ratios, as well as spatial information on AU scales, data that are complementary to echelle spectroscopy studies which provide kinematic information for each emission line.
Previous excitation and kinematic studies of MHEL regions associated with a handful of Class I protostars suggest that the H 2 ro-vibrational emission in the H and K-bands derives from shock-heated gas at temperatures of ∼2000-3000 K and with densities of 10 5 −10 6 cm −3 if H-H 2 collisions dominate, or 10 7 −10 8 cm −3 if the gas is entirely molecular , note that H-H 2 collisional rate coefficients are ∼100-times higher than H 2 -H 2 rates; see also Giannini et al. 2002) . Recent studies of classical T Tauri stars likewise reveal weak molecular line emission from the bases of associated HH jets (Beck et al. 2008 (Beck et al. , 2010 Agra-Amboage et al. 2009 ). The emission from these Class II YSOs is spatially extended (over a few hundred AU) and exhibits kinematic and excitation characteristics similar to those seen in the Class I jet sources discussed here. UV or X-ray heating is not thought to be a dominant source of excitation in either the Class I or Class II MHEL regions (Takami et al. 2004) ; rather, the emission must be associated with shocks formed along the jet beam. Excitation in a boundary layer between the jet and the ambient medium seems unlikely since jets from young stars are known to be hypersonic (i.e. high Mach numbers). Such a jet is expected to have relatively little interaction with the surrounding environment; a massive entrained molecular flow component, within a few hundred AU of the central engine, is therefore unlikely (Ray 2000) . The fact that the [Fe ii] and H 2 flow component widths are comparable in most of our sources is certainly consistent with this interpretation.
The H 2 and [Fe ii] emission profiles plotted in Fig. 3 illustrate two important aspects of FEL/MHEL regions: (i) the existence of sharp peaks, in both H 2 and [Fe ii] emission, that are offset by a few tens to a few hundred AU along the jet axis, and (ii) the rapid decline in line intensity along the flow axis. The H 2 and [Fe ii] peaks may be associated with the same discrete shock front -possibly a collimation shock at the Alfvén radius; the relative offsets between the H 2 and [Fe ii] peaks and the different velocities reported in the literature for each flow component may be due to excitation in different parts of a non-planar (bow shaped or hemispherical) shock front. The rapid decrease in line intensity downwind of this shock front is more likely to result from radiative cooling than to a decrease in gas density. The dynamical time scales associated with the first few hundred AU of the jet amount to a few tens of years (e.g. 500 AU/100 km s −1 ∼ 24 yrs); time scales may be longer for the slower molecular gas component. Radiative cooling times are hard to estimate, since the gas density and flow cross section will change rapidly as the flow advances and expands. However, they are likely to be a few years at most (note that HH objects and H 2 jets are known to vary in brightness and morphology on these sorts of time scales), considerably shorter than the dynamical time-scales. Detailed jet modeling is required to shed further light on this issue.
In T Tauri stars, optical HST observations have shown that the electron density is high at the jet base, rapidly declining along the flow within the first ∼200-300 AU (e.g. Bacciotti & Eislöffel 1999 ). This behaviour is consistent with Magnetohydrodynamic (MHD) models in which the electron density is expected to decrease as the gas expands before being compressed again by internal shocks. A similar trend is seen in our [Fe ii] observations for at least one Class I outflow, HH 34-IRS. [Fe ii] is detected towards most of the other sources in our sample; deeper observations are required to establish whether the same rapid decrease in electron density applies along these other jets.
Gradients in jet density may of course be related to the broad flow opening angles reported in Table 4 ; an opening angle of the order of 20
• -40
• is inferred for most of the H 2 and [Fe ii] flow components discussed in this paper. As noted earlier, similar opening angles have been observed in studies of HH jets from T Tauri stars -when these observations sample the same distance range along the jet axis (hundreds of AU) considered here. Although higher spatial resolution observations of Class I outflows are certainly warranted, our data are none-the-less consistent with two things: that ionised and molecular jet components have similar opening angles, and that jet opening angles do not appreciable increase as a young star evolves from being an embedded Class I protostar to an optically-visible T Tauri star. Jet opening angles -which remain essentially fixed -may therefore be established early in the evolutionary sequence of a young, low mass star.
Although Class I and Class II jets seem to possess wide opening angles within their first few hundred AU, at greater distances from the source, both H 2 and [Fe ii] flow components must be re-collimated. Jet widths from Class I and Class II sources, whether observed in optical or near-infrared forbidden emission lines ([S ii], [Fe ii], etc.) or near-IR H 2 ro-vibrational lines, retain a high degree of collimation over thousands of AU and sometimes even over parsec-scale distances. The same seems to apply to jets from the youngest protostars, the Class 0 sources. Sub-millimetre interferometric observations of outflows from a number of highly embedded young stars have revealed highly collimated molecular jets (e.g. Lee et al. 2008 Lee et al. , 2010 Hirano et al. 2010) . Cabrit et al. (2007) used the Plateau de Bure Interferometer to observe, in SiO emission at sub-arcsecond resolution, the collimated molecular jet associated with HH 212. They trace the jet to within 1000 AU of its driving source, a deeply embedded Class 0 source hidden from view even at near-IR wavelengths. Cabrit et al. find striking similarities between the HH 212 "microjet" and atomic jets from T Tauri stars. It seems clear that collimated molecular jets are a feature of outflows from Class 0, Class I and Class II young stars. Cabrit et al. also note that jet collimation occurs regardless of whether the source is enshrouded in a dense envelope or not; this fact alone appears to rule out jet collimation by external pressure, instead favouring a common MHD self-collimation process at all stages of low mass star formation.
Distinguishing between Jet Models -X-wind
or Disk-wind?
One of the original goals of our SINFONI observations was to constrain jet collimation and acceleration models. The discussion in the previous section points to a relatively broad opening angle at the base of the jet, though this alone fails to distinguish between the X-wind and disk-wind models described in the introduction. In addition to a collimated jet, magnetocentrifugal X-and disk-wind models predict the existence of a low-velocity, wide-angled wind component (Shang et al. 2007; Pudritz et al 2007 (Lee et al. 2000; Arce & Sargeant 2006) . A relatively broad, low velocity molecular wind has also recently been detected surrounding the fast, HH jet from the young T Tauri star HL Tauri (Takami et al. 2007 ) and from the DG Tau jet (Beck et al. 2008) . The mere presence of excited H 2 emission at the base of each HH jet tends to support a disk-wind model (or at the very least a flow component that is ejected from large disk radii), since the conditions in the jet must permit the survival of H 2 and, at the same time, excite forbidden emission lines from ionised species such as S + and Fe + . The bulk of the emission from an X-wind is produced in high-excitation on-axis material, whereas the outer streamlines of a disk-wind, where the flow originates from cooler, outer disk radii, may possess suitable conditions for H 2 excitation rather than H 2 dissociation.
Currently, the best way to distinguish between jet models is with detailed kinematic information, by measuring jet rotation (for X-winds the specific angular momentum is very low compared to the corresponding disk-wind models) and by analysing line profiles close to the central engine (X-wind theory predicts these to be rather narrow, whereas disk-wind theory suggests that they should be very broad, see e.g. Pyo et al. 2006; Cabrit 2009 ). With the current data set we do not have sufficient spectral resolution to comment on either of these issues.
With the SINFONI observation we have, however, established the spatial characteristics of the line emission regions associated with the base of each outflow. Although the observations are certainly affected by extinction, it is clear that any jet collimation and acceleration model must produce both H 2 and [Fe ii] line emission which peaks close to -though not coincident with -the central object and then rapidly fades in intensity along the flow axis (if we exclude the distant source HH 72-IRS, then in both H 2 and [Fe ii] we measure peak offsets along the flow axis in the range ∼10-200 AU, with the emission peaks extending over only 100-600 AU; see Tables 2 and 3 ). As mentioned earlier, these line emission features may be associated with collimation shocks formed at the Alfvén radius.
Obviously the objects considered in this paper are also ripe for further investigation at higher spatial and, particularly, higher spectral resolution.
Episodic accretion and outbursts
Finally, we mention that our source sample is potentially biased towards outbursting sources, since we have chosen our targets based on their association with known HH jets. Many of the emission lines observed in our data may be associated with, or enhanced by, recent outburst events. The diversity in jet characteristics, as traced in [Fe ii] and H 2 emission, may also be a result of such non-steady outflow activity.
The CO bandheads are conspicuously strong in all of our Class I sources. CO is known to be variable in protostars; Lorenzetti et al. (2009) suggest that CO bandheads in EXor objects increase in intensity during outburst. Indeed, Aspin et al. (2010) have recently monitored significant changes in emissionline strengths over the period of ∼4 months in the prototype EXor, EX Lupi, while Biscaya et al. (1997) reported CO bandhead variability on time-scales as short as a few days in some low mass young stellar objects; in DG Tau, for example, the bands were observed to disappear and reappear.
CO has been monitored in one of our targets, SVS 13, by a number of groups. Eislöffel et al. (1991) compared their CO spectrum with earlier observations made by Carr (1989) and concluded that the equivalent width (EW) had not changed; Aspin & Sandell (1994) obtained four spectra spread over two years and also noticed no change in EW; Biscaya et al. (1997) monitored SVS 13 (referred to as SSV 13 in this paper) between 1995 and 1996 and generally obtained the same results. However, they did record a rapid flaring of the source continuum on one particular day -December 23, 1996 -that was not matched by a similar increase in CO intensity. Consequently, they measured a decrease in CO EW on this date by a factor of ∼2. Following Biscaya et al., we measure a line to continuum ratio, R = F CO /S 2.3 of 13(±3) × 10 10 Hz (23(±5)Å), consistent with the range 12−18 × 10 10 Hz reported by Biscaya et al. when the source continuum was not flaring.
In surveys of young stars the CO bandheads at 2.3 μm are observed to be absent in some sources, and in absorption in others (e.g. Greene & Lada 1996; Reipurth & Aspin 1997) . The presence of CO bandheads in all of our Class I sources is therefore somewhat unique, and may indicate that each source has undergone a recent accretion event. However, it seems unlikely that all were undergoing an EXor-type outburst coincidentally when we observed them. The bright CO bands in each of our sources must therefore be somewhat more constant phenomena than is observed in the more extreme EXor-type objects. Monitoring of Class I sources is certainly warranted, in CO but also in other "disk tracers" like Na i, Ca i and Mg i, if the origin of these nebular emission lines in these particularly young "pre-T Tauri-type" objects is to be revealed.
Concluding remarks
Near-IR emission lines are superb tracers of accretion and outflow processes at the bases of jets from Class I protostars. High spatial resolution IFS data may be used to illustrate the distribution of H 2 and [Fe ii] in the MHEL and FEL regions in each source; profile fitting then leads to precise measurements of the extent and spatial offsets of these emission line features along each jet axis. In the H and K-band we also observe an abundance of atomic permitted lines, which presumably are collisionally excited in the outer regions of an accretion disk, while bright CO bandheads trace the dense inner regions of the same disk.
The SINFONI observations of Class I sources presented in this paper show that ionised and molecular flow components tend to be well collimated. However, on spatial scales of a few hundred AU, H 2 and [Fe ii] flow components can possess opening angles of a few tens of degrees (although measurements vary considerably from source to source). Overall, the characteristics of these ionised jets and molecular outflows from Class I protostars seem to mimic those observed in high-resolution observations of HH jets from T Tauri stars. Evolutionary effects, as a source transitions from a deeply embedded protostar to an optically-visible T Tauri star, seem to have little effect on certain jet parameters, such as the opening angle or Mach number. 
